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Abstract: Raspberry fruits of four cultivars (Willamette, Meeker, Polana and 
Malling Promise) grown in South Serbia were analyzed for total and individual 
anthocyanins. High-performance liquid chromatography with diode array detection 
(HPLC-DAD) was used to study individual anthocyanins. The major anthocyanin was 
cyanidin-3-sophoroside, followed by cyanidin-3-glucosylrutinoside, cyanidin-3-
glucoside, pelargonidin-3-sophoroside and cyanidin-3-rutinoside. The monomeric 
anthocyanin contents of the acidified 80% methanol extracts were determined using the 
pH-differential method. The highest total and individual anthocyanins contain raspberries 
cv. Willamette, followed by cvs. Meeker, Polana and Malling Promise. 
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Introduction 
 

In recent years several berries such as the strawberry, blueberry, cranberry, and 
raspberry have been studied for their beneficial effects on health. These health benefits 
include prevention of certain types of cancer, cardiovascular diseases, type II diabetes, 
obesity, neurodegenerative diseases associated with aging, and infections (Mullen et al., 
2002a; Cates et al., 2007; Paredes-Lopez et al., 2010). 

Raspberries are a common and important fruit in the diet due to their content of 
essential nutrients and beneficial phytochemicals. Also, these fruits are of economic 
importance and widely consumed fresh, frozen, or in processed forms such as jellies, 
jams, and juices. In addition to their attractive color and superior flavor, raspberries 
contain wide range of polyphenolic phytochemicals, primarily the anthocyanins and 
ellagitannins (Rao and Snyder, 2010). Anthocyanin content can vary greatly by variety. 
The relative composition was cyaniding-3-sophoroside > cyanidin-3-glucorutonoside > 
cyanidin-3-glucoside > cyanidin-3-rutinoside > all pelargonidin glucosides combined 
(Rao and Snyder, 2010). 

Official statistics reported that the raspberry production in Serbia in the last decade 
amounts for some of 80 000 t to 90 000 t produce on 15171 ha in 2010. The most of the 
production of raspberry is consumed within the country and small percentage is 
exported, mostly in frozen form. A very small percentage is exported as fresh (Centre 
for Development of Jablanica and Pcinja region with EPICENTAR International, 2012). 
Arilje growing area is the main production center (Leposavić et al., 2004). 
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The aim of this this study was determination of total and individual anthocyanins 
content in four varieties of raspberry grown in south Serbia. 

 
Material and methods 

 
Raspberry fruits (Rubus idaeus L.) of four cultivars (Willamette, Meeker, Polana 

and Maling promise) were collected from a natural population in the vicinity of 
Leskovac. Samples were harvested during June−August 2015. The amount of each 
raspberry cultivar collected for the analysis was about 500 g. Before analysis, the 
samples were stored in a freezer at −18 °C.  

Samples were prepared according to the slightly modified method proposed by 
Pavlović et al. (2013). Two grams of homogenized fruit was mixed with 10 mL of 
methanol containing 1% HCl on ultrasonic bath for 1 h at room temperature. The extract 
was filtered, and the clear supernatant was collected. The fractions from three times 
repeated extractions were collected and evaporated to dryness by rotary evaporation 
under reduced pressure at 40 °C. Ultrapure water was added to ca. 10 mL, and these 
solutions were used for further analysis.  

In order to identification and determine the individual anthocyanins content 
Agilent-1200 series HPLC with the UV-Vis photodiode array detector (DAD) was 
used. The column was thermostated at 25 °C. After injecting 5 μL of sample, the 
separation was performed in an Agilent-Eclipse XDB C-18 4.6×150 mm column. The 
mobile phase consisted of aqueous 5% formic acid (eluent A) and 80% 
acetonitrile/5% formic acid (eluent B). The elution program used was as follows: 
from 0 to 10 min 0% B, from 10 to 28 min gradually increases 0-25% B, from 28 to 
30 min 25% B, from 30 to 35 min gradually increases 25-50% B, from 35 to 40 min 
gradually increases 50-80% B, and finally for the last 5 min gradually decreases 80-
0% B. Identifications of individual compounds were based on the retention times of 
the available standards and spectral data (de Ancos et al., 1999; Mullen et al., 2002b; 
Lopes-da-Silva et al., 2002). Triplicate measurements were taken and data were 
presented as mean ± standard deviation (SD). 

The monomeric anthocyanin contents of the acidified 80% methanol extracts 
were determined using the pH-differential method (Guisti and Wrolstad, 2001). The total 
anthocyanin content was calculated as micrograms of cyanidin-3-glucoside 
equivalents/100 g fresh weight (mg cyn-3-glu/100 g fw), using an extinction coefficient of 
26.900 L/mol/cm and molecular weight of 449.2 g/mol. 

Methanol, acetonitrile and formic acid (HPLC grade) and hydrochloric acid of 
analytical grade were purchased from Merck® (KGaA, Darmstadt, Germany). All 
standards for HPLC determination were purchased from Sigma-Aldrich (Steineheim, 
Germany) and were of HPLC quality. 
 

Results and discussion 
 
Anthocyanins are responsible for the black and red pigments in berries. For 

identification and quantification they were extracted with acidified 80% methanol. 
Results for total and individual anthocyanin contents are given in Table 1. The total 



“XXI  SAVETOVANJE  O  BIOTEHNOLOGIJI”                      Zbornik radova, Vol. 21.(23), 2016. 

265 
 

anthocyanin contents showed great variation in different cultivars. The total 
anthocyanins of the raspberry cultivars ranged from 16.2 mg cyn-3-glu/100 g (Malling 
Promise) to 47.6 mg cyn-3-glu/100 g (Willamette). These results are in agreement 
(Anttonen and Karjalainen, 2005; Kassim et al., 2009) or lower than results obtained by 
other researches (Pavlović et al.,2013; Miletić et al., 2012; Bobinaite et al., 2012; 
Miletić et al., 2015). This is in according to the fact that anthocyanin contents can vary 
by variety, geographical origin, climatic condition and handling procedures.  
 

Tabela 1. Sadržaj ukupnih i individualnih antocijana u sortama maline 
Table 1. Total and individual anthocyanin contents in raspberry cultivars 

 

Cultivar Cyanidin-3-
sophoroside 

Pelargonidin-
3- 

sophoroside 

Cyanidin-3-
glucoside 

Cyanidin-3-
glucosylrutino

side 

Cyanidin-3-
rutinoside 

Total 
anthocyanins

* 

csr±SD (mg/100 g)  

Meekr 7.79±0.09 2.03±0.05 3.01±0.06 3.42±0.06 1.62±0.03 25.1±0.6 
Polana 5.90±0.08 2.41±0.05 1.98±0.04 2.58±0.05 1.05±0.03 19.3±0.5 

Willamette 20.4±0.5 2.85±0.06 5.78±0.08 6.18±0.09 2.47±0.05 47.6±0.8 
Malling 
Promise 

6.39±0.08 - 2.88±0.06 3.15±0.06 0.89±0.02 16.2±0.5 

*Total anthocyanin contents are expressed as mg cyn-3-glu/100 g 
 

 
 

Graph. 1. HPLC chromatogram of anthocyanins in raspberry sample. The labels refer 
to the following: (1) cyanidin-3-sophoroside; (2) cyanidin-3-glucosylrutinoside; (3) 

pelargonidin-3-sophoroside; (4) cyanidin-3-glucoside; and (5) cyanidin-3-rutinoside  
Graf. 1. HPLC hromatogram antocijana u uzorku maline. (1) cianidin-3-soforozid; (2) 
cianidin-3-glukozilrutinozid; (3) pelargonidin-3-soforozid; (4) cianidin-3-glukozid i (5) 

cianidin-3-rutinozid 
 
Results obtained for individual anthocyanins showed that the cyanidin-3-

sophoroside was the predominant anthocyanin in all cultivars, followed by cyanidin-3-
glucosylrutinoside, cyanidin-3-glucoside, pelargonidin-3-sophoroside and cyanidin-3-
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rutinoside (Table 1, Graph 1). The contents and composition of anthocyanins in rasberry 
cultivars in the present study were comparable with those reported in the review work 
by Rao and Snyder (2010). The relative composition was cyanidin-3-sophoroside > 
cyanidin-3-glucosylrutinoside > cyanidin-3-glucoside > cyanidin-3-rutinoside > all 
pelargonidin glucosides combined. Also, cyanidin-3-sophoroside is known to be typical 
for European cultivars (de Ancos et al., 1999; Rao and Snyder, 2010). 

 
Conclusion 

 
The identification and quantification of individual anthocyanins revealed the 

similarities and variation in the composition and content of four raspberry cultivars. 
Cyanidin-3-sophoroside was the predominant anthocyanin in all of cultivars studied. 
Raspberries cv. Willamette contain the highest total and individual anthocyanins, 
followed by cvs. Meeker, Polana and Malling Promise. 
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